Abstract: Considering the time-varying of the poriness of the materials in the loading process, a dynamic classifying method for the materials is proposed based on the strain factor defined from the strain relationship in three orthogonal directions. Comparing with the current classifying approach based on the Poisson's ratio, the method presented in this work is a dynamic approach that can reflect the real-time strain relationship in three orthogonal directions as well as the varying specific molecular structures partly in the loading process of the materials.
Introduction
As one of the important parameters of the engineering materials, the Poisson's ratio describes the relationship between the longitudinal strain and the lateral strain of the linear-elastic materials with small strain. In a long period following the definition of the Poisson's ratio was proposed, many studies focused on the value of which reported. In 1829's, the Poisson's ratio was proved to be 14 based on the interaction theory between the molecules. Unfortunately, this theoretical result isn't agreed with the results obtained in laboratory. Thus, G. Wiltham thought that the value of the Poisson's ratio is close to 13 in 1848 and which was proved in laboratory widely for almost all the metallic materials. But, for vast other materials, such as layered metal-like ceramics MN+1AXN and beryllium, the values of the Poisson's ratio are much lower,  Corresponding author: wphu@nwpu.edu.cn even the values are negative [1] [2] [3] [4] [5] . By now, it is accepted that the Poisson's ratio values are vary from -1 to 12 for different materials, regardless of natural or artificial 6, 7 . Theoretically, as a material constant, the Poisson's ratio should be independent of the working conditions and the specimen size. But, practically, when the value of the Poisson's ratio for a certain material is tested, the working conditions should be adjusted to the standard experimental conditions and the specimen should be prepared in the standard size, which implies that the Poisson's ratio defined currently is defective and the classification method for the materials based on the Poisson's ratio shows some limitations.
The limitations of the classification method referring to the Poisson's ratio results from the original definition of which, =
According to this definition, the Poisson's ratio is a time-independent dimensionless constant describing the strain relationship in two orthogonal directions, which implies that only the small strains in two orthogonal directions are considered while the strain in the third orthogonal direction is neglected. For some two dimensional materials [8] [9] [10] , this definition is correct. But, for the three-dimensional materials, the strains in arbitrary three orthogonal directions are comparable and none of which can be ignored safely. As a static classifying method of the materials based on the Poisson's ratio, it cannot reflect the three-direction-strain relationship of the materials dynamically during the loading process.
Thus, in this work, considering the poriness change of the materials, the time-dependent strain relationship in three orthogonal directions for the material will be proposed and a new dynamic classifying approach for the materials based on which will be presented.
Strain relationship in three orthogonal directions
It is well known that the poriness of the materials (which is formulated as
, where 0 V and 0  denote the apparent volume and the volume density of the specimen, V and  denote the absolutely compact volume and the density of the material respectively) will change when the strain occurs, which is shown as the variation of the apparent volume (or the volume density) of the materials directly.
In the homogeneous material, the porosity distribution is homogeneous under any stress state. With this assumption, the variation of the poriness can be completely expressed by the change of the apparent volume accompanying with any strain states for the specimen without the size and the shape limitations.
Considering the conditions of the classic uniaxial tensile test on the homogeneous material, the apparent volumes of the specimen before/after tensioned can be formulated as, It is certain that the mass of the specimen is a constant during the loading process, which implies,
that is,
where, 1 p and 2 () pt are the poriness of the specimen before/after tensioned. Eq. (3) is the theoretical strain relationship in three orthogonal directions considering the variation of the poriness.
Classifying materials according to the above relationship
Referring to the value of the Poisson's ratio, materials have been classified into two types:
one is the classic materials with the positive Poisson's ratio and another is the named negative
Poisson's ratio material. It has been mentioned that only the small strains in two orthogonal directions are considered and the change of the poriness is neglected in this classification process.
With the strain relationship in three orthogonal directions considering the variation of the poriness shown in Eq.(3), a new classification standard for materials can be proposed.
Defining the strain factor as ( ( ), ( ), ( )) t t t    located on this iso-surface, the poriness of the associated material in this strain state is equal to that of the zero-strain state. Thus, taking this iso-surface ( =1  ) as the reference, the materials can be classified into the following three types (in fact, the materials may experience all of these types during the strain evolution): The first type is the materials with 1   , which is named as under-close-grained material. Under-close-grained implies that the poriness of the material will decrease in the further loading process. The second type is the materials with =1  , which is named as critical-close-grained material.
Critical-close-grained implies that the poriness of the material in this strain state is equal to that of the zero-strain state. The third type is the materials with 1   , which is named as over-close-grained material. Over-close-grained implies that the poriness of the material will increase in the further loading process. Fig. 1 The iso-surface of =1  It needs to clarify that both the under-close-grained and the over-close-grained are independent of the absolute poriness of the materials, but depend on the poriness variation tendency during the loading process.
Classifying the materials referring to the value of the strain factor  will end the long-term dispute on the value of the Poisson's ratio. In addition, it will give a clearer comprehension on the relationship between the strains in three orthogonal directions and the variation of the poriness.
For the classic uniaxial tensile test on the standard specimen, 1 () t  is the strain in the loading direction and the strains in other two direction are equal ( 23 ( )= ( ) tt  ). With the small strain hypothesis, the strain factor is greater than one when the Poisson's ratio of the material is assumed as =0.3  , which implies that most of the metal materials (the value of the Poisson's ratio is close to 0.3) are over-close-grained in the small strain stage. With the increase of the strain (if the tension is in the elastic range), the strain factor of the metal material will decrease.
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, the strain factor of the metal material is close to 1, which implies that the metal material in this strain state is critical-close-grained. Subsequently, the strain factor will less than 1 if the tension process goes on and the metal material becomes under-close-grained in this situation. The above transformation process of the metal material illustrates that the classifying idea proposed in this work considers the strain property of the material dynamically.
As for the negative Poisson's ratio materials, the specimen will expend laterally accompanying with the extension in the axial direction, which means that ( ) 0 i t
In this situation, the strain factor This conclusion is paradoxical to the common sense on the negative Poisson's ratio materials:
Most of the negative Poisson's ratio materials are porous 1, 4 . Why they belong to the over-close-grained material? It has been implied that the over-close-grained material in this work means the material owning the poriness increase tendency during the tension process. Even though the negative Poisson's ratio materials are porous, the specific molecular structures 2,4 of which permit the poriness of them to increase in the initial tensile stage. With the strain evolution, these specific molecular structures will disappear gradually and the negative Poisson's ratio materials will turn into common materials with the positive Poisson's ratio, which implies that in the following loading process, the strain factor will decrease and the materials will become under-close-grained.
Conclusions
The above analysis implies that, the classifying approach proposed in this work is dynamic,
i.e., all materials will go through the transformation from the over-close-grained state to the under-close-grained during the tension process. This characteristic illustrates that the dynamic classifying method based on the strain factor is appropriate for the whole strain evolution process and can reflect the material properties dynamically. Uder, B., Gao, H., Kunnas, P., de Jonge, N. & Hartmann, U. Low-force spectroscopy on graphene membranes by scanning tunneling microscopy. Nanoscale 10, 2148-2153, doi:10.1039/c7nr07300c (2018).
